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(54) Linear perfluoropolyethers having an improved thermooxidative stability 



(57) Linear perf luoropolyetliers of fonnula: 

T-O {CF20)„{CF2CF20)„(CF2CF2CF20),(CF2CF2CF2CF20)3-T, (I) 

wherein n, m, r, s are Integers such that the polymer number average molecular weight is comprised between 700 and 
. 100,000 and the n/(n-Hm4-r+s) ratio ranges from 0.05 to 0.40, 

and respective preparation process by addition of a peroxidic perf iuoropolyether of fomnula (III): 

T4>0(CF20)„.{CF2CF20)„.(0)h-T5 (III) 

having a PO from 1 .8 to 4, to a pert Iuoropolyether oil preheated at a temperature comprised between 1 SO'C and 250'C 
and subsequent exhaustive fluorinatlon of the obtained compound. 
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Description 

[0001] The present Invention relates to perfluoropolyether oils (PFPE) having a high thermooxldatlve stability In the 
presence of metals, and the preparation thereof. 
5 [0002] Specifically the Invention perfluoropolyethers have a high thermooxldatlve stability combined with a high vis- 
cosity Index and with a low pour point value. 

[0003] More specifically the invention perfluoropolyethers comprise substantially -02^^40-. -CF2O- ""^^s- 
[0004] Perfluoropolyether oils obtaind by oxidative polymerization of pert luoroolefins are known and marketed. 
[0005] In particular perfluoropolyethers are known having fomDula: 

10 

. R,0(C2F40)p{CF20)qR/ (A) 

with R, and 1^' equal to or different from each other selected from CF3-, CgFg-, CICFg-, CICFgCFg-; p and q are integers, 
p + q gives the number average molecular weight and p/q ratio ranges from 0.1 to 10, The perfluoroethylenoxide 
-CF2CF2O- and perf luoromethylenoxide -CFgO- units are statistfcally distributed along the polymeric backbone. These 
perfluoropolyethers are marketed by the Applicant as Fomblin® Z. 

[0006] They are obtained by oxidative polymerization of tetrafluoroethylene, see for example USP 3,715,378 and 
USP 5,744,651 , subsequent thermal treatment and exaustlve fluorinatlon of the end groups, see for example USP 
20 4,664,766. 

[0007] The f onrtula (A) perfluoropolyethers have a good combination of properties, in particular a high viscosity Index 
(V.I.), higher than 240, generally comprised between 250 and 360, a high themnal stability and a pour point lower than 
- 50*C, generally comprised between -60 and -90^C. The combination of said properties makes the fonnula (A) per- 
fluoropolyethers suitable as lubricants in a wide temperature range, in particular also at low temperatures. 

25 [0008] However their themnooxldative stability In the presence of metals is not very high. For this reason perfluor- 
opolyether oils decompose when one operates at temperatures higher than 200'*C. Therefore said oils have a more 
limited use, they generally require additives to operate at high temperatures (see the comparative Examples). 
[0009] The need was therefore felt to have available pefluoro-polyether oils like those of fonnula (A) (Fomblin® Z 
type) but having an Improved thermooxldatlve stability In the presence of metals, substantially maintaining the combi- 

^ nation of the rheologlcal properties of said oils of formula (A) as the high viscosity Index and the low pour point. 

[001 0] Perfluoropolyethers satisfying the above technteal problem have been surprisingly and unexpectedly found. 
[001 1 ] An object of the present invention are perfluoropolyethers having the following fomnula: 

35 T-0(CF20)„(CF2CF20)„(CF2CF2CF20),(CF2CF2CF2CF20)3-T, (1) 

wherein: 



- T and T^ , equal to or different from each other are selected from CF3-, CFgCFg-, C3F7-, C4F9-, CICFg-, CICFgCFgS 
n, m, r, s are Integers such that the number average molecular weight is comprised between 700 and 100,000, 
preferably between 1 ,500 and 20,000; 

the m/n ratio is comprised between 2 and 20, preferably between 2 and 10; 

- the (r+s)/(n-Hn+r+s) ratio is comprised between 0.05 and 0.2, preferably between 0.07 and 0.2; 

- the n/(n-Hn-K-i-s) ratio ranges from 0.05 to 0.40, preferably from 0.1 to 0.3; 

the perfluorooxyalkylene units being statistically distributed along the polymeric backbone. 

[0012] The invention compounds are utilized in the lubrication field, in partfcular they have the same uses of the 
formula (A) commercial compounds (Fomblin® Z) but they show a higher thermooxldatlve stability In the presence of 
metals. In particular the fonnula (I) compounds having a number average molecular weight in the range 1 ,500-20,000 
(viscosity between 10 cSt and 1 ,000 cSt at 20°C), are used as lubricant oils showing a high themiooxidatlve stability. 
[0013] The invention perfluoropolyether oils, with respect to the known perfluoropolyether oils having a comparable 
viscosity, show an Increase of thenmooxidative stability in the presence of metals of about 30^0 or higher. 
[0014] The stability of the fonnula (I) compounds when used as lubricants can be further increased by the addition 
of themnal stabilizers of perfluoropolyethers. For example, perfluoropolyethers comprising the following groups: phos- 
phines, phosphates, phosphazenes, benzothiazoles, triazlnes, amines, substituted amines type, nitroderivative com- 
pounds, can be mentioned. 

[0015] Furthemiore the fomnula (I) invention compounds, besides being characterized by a high thermooxldatlve 
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stability, also show a high viscosity index (V.i.), generally higher than 250» preferably higher than 290, combined with 
a pour point value lower than -SO^C, preferably lower than -60''C. This combination of properties allows the use of the 
Invention compounds as lubricants in a wide range of temperatures, even at low temperatures. 
[0016] Tests earned out by the Applicant have shown that compounds having the same structure of fomnula (I) in- 
5 vention compounds but with values of at least one of the above indicated ratios, outside the claimed ranges, charac- 
terizing the fomiula (I) compounds, do not show the property combination of the invention compounds, in particular 
the themiooxidative stability in the presence of metals. 

[0017] A further object of the present invention are linear perfluoropolyethers having the following formula: 

10 

T2.0(CF20)„(CF2CF20)„(CF2CF2CF20),(CF2CF2CF2CF20)3-T3 . (II) 



wherein: 



- Tg, T3, equal to or different from each other are selected from -(CF2)zCOF wherein z -0, 1 , 2. 3, CF3-. CF3CF2-, 
C3F7-, C4F9-, CICF2-, CiCF2CF2-, wherein the total moles of the end groups comprise from 0.5% by moles to 50% 
by nrK>les of 

COF groups; 

n, m, r, s are integers such that the polymer number average molecular weight Is in the range 700-1 00,000, pref- 
^ erably 1,500-20,000; 

- the m/n ratio is comprised between 2 and 20. preferably between 2 and 1 0; 

the (r+s)/(n-i-m+r+s) ratio is comprised between 0.05 and 0.2, preferably between 0.07 and 02; 

- the n/(n+m+r+s) ratio ranges from 0.05 to 0.4, preferably from 0.1 to 0.3; 

wherein the perfluorooxyallcyiene units are statistically distributed along the polymeric backbone. 
[0018] By exhaustive fluorination of the fonnula (II) compounds it is possible to obtain the fomnula (I) compounds. 
[0019] The -COF containing compounds of fonmula (II) can be used to confer oil- and hydrorepellence to various 
materials, for example stone materials, 

[0020] Besides, said compounds containing -COF end groups can be transfonmed into other compounds with other 
functional end groups, for example -COOH by hydrolysis, or -COOR (with R=CH3, C2H5, C3H7) by hydrolysis in hy- 
droalcoholic medium. The latter compounds can be transfomied into other products having other functional end groups: 
for example aminic, alcoholic, aldehydic, salts, nrtrilic, arinldic type. See for example USP 3,81 0,874. These compounds 
are used in the surface treatment of various substrata to confer thereto properties as for example hydro- and oil- 
repellence or reduction of the friction coefficient, or they can be used as comonomers for obtaining block polymers as 
^ for example polyesters, polyurethanes or polyamides for the use at low temperatures, etc. 

[0021] The preparation process of the compounds of fomnula (II) comprising step a) of the preparation process of 
the compounds of fonmula (1) is described hereinafter. 

[0022] Another object of the present Invention is a process for the preparation of formula (I) PFPEs comprising the 
following steps: 



30 



40 



45 



so 



55 



a) preparation of the compound of formula (II) by addition, under stirring, of the fonnula (III) peroxidic compound: 

T4-0(CF20)„.(CF2CF20)„,(0)h-T5 (III) 

wherein T4, T5, equal to or different from each other, are selected from CF3-, CF3CF2-, -COF, -CFgCOF, XCF2-, 
XCFgCFg-whereIn X = CI, -OR"j wherein R" , is a C^-Cg perfluoroalkyi, having a nV(n'+fn') ratio from 0.05 to 0.25 
and a h/(n'+m') ratio from 0.1 to 0.3 and a PO (peroxidic content) content, defined as grams of active oxygen/1 00 
grams of compound, from 1 .8 to 4, preferably from 2 to 3.8, to a reaction medium fomned by a perfluoropolyether 
oil, contained in a reactor, maintained at a temperature in the range 150**C-250'*C, preferably 230-250^C, so as 
to have a PO of the reaction mixture between 0 and 0.5, preferably between 0 and 0.2, by continuously extracting 
the reaction mixture and heating the collected fractions not containing the starting perfluoropolyether oil at tem- 
peratures comprised between 220 and 250''C until complete removal of the residual peroxidic groups, obtaining 
the compound of formula (II); 

b) fluorination of compound (ll).with the obtainment of compound of fomnula (I). 

[0023] Alternatively step a) can be canied out by using as reaction medium, instead of the perfluoropolyether oil, the 
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previously obtained compound of fonnuia (II). 

[0024] The peroxidic perfluoropolyethers of fonnula (III) are known compounds and can be prepared by oxypolym- 
erizatlon of tetrafluoroethylene at temperatures comprised between -1 00°C and -40°C, In the presence of UV light and/ 
or radical Initiator. See for example USP 5,744,651 . 
5 [0025] lnstepa)thecompound(lll)isaddedtothepreheatedreactlonmedium,preferably withaftow-ratecomprlsed 
between 0.1 and 1 .3 kg/h per Kg of reaction medium. 

[0026] The fluorination process of step b) Is known and can be camed out with gaseous fluorine at temperatures 
comprised betwee 150 and 250^*0 and/or photochemical ly at temperatures comprised between -40''C and +200**C. 
See for example USP 4,664,766. 
10 [0027] After step b) it is possible to subject compound (I) to molecular distillation to separate fractions having a 
different molecular weight useful for the various uses In lubrication, in this way fractions can be prepared having Im- 
proved themnooxidative features with respect to the commercial fractions of Fomblin® Z. 

[0028] As perfluoropolyether oils, to be used both in the preparation of the compounds of fomiula (I) and (11), the 
compounds of formula (A) mari<eted as Fomblin® Z, or other perfluoropolyether oils as for example Fomblin® Y, 
'5 Krytox® , Demnum® , can for example be used. 

[0029] Some Examples follow for illustrative but not limitative purposes of the present invention. 

EXAIWPLES 

20 Characterization 
[0030] 

Kinematic viscosity 

The kinematic viscosity measurements have been carried out with Cannon-Fenske type viscometers previ- 
ously calibrated at 20^*0, 40*>C and at 1 00°C. 
Viscosity Index 

The viscosity index detenmination is carried out by using the kinematic viscosity data at 40°C and at lOC'C 
by applying the ASTM D 2270 method. 
30 - Thermogravimetric analysis (TGA) 

The thermogravimetric analysis is carried out by using the DU PONT 951 instrument, putting about 20 mg of 
the sample in the platinum measurement cell and using a temperature gradient equal to 1 0^'C/min in air atmosphere. 
PourPdint 

It has been determined according to the ASTM D 97-66 method. 
35 - Number average molecular weight . 

It has been detenDined by ^^F NMR analysis. 
- Peroxidic content (PO) determination by iodometric titration 

The peroxidic content analysis of the perfluoropolyether oil is canied out according to the following procedure: 
a weighed amount of oil (some grams) Is dissolved in about 20 ml of an halogenated solvent (CFC 11 3 or Galden® 
40 ZV 60), 1 ml of acetic add and 30 ml of a sodium iodide solution at 5% In Isopropyl alcohol are added. It is put 

under strong stirring for about 1 5 minutes and the Iodine developed from the reaction with the peroxide is titrated 
with an aqueous solution of sodium thiosulphate having a known titre, by using a potentlometrictltrator Mettler DL 
40 equipped with platinum electrodie and reference electrode. The content of peroxide PO Is expressed In g of 
active oxygen (MW = 1 6) for 1 00 g of oil. 
^ - Thermooxidative stability 

As thermooxidative stability measure, both in the presence and In absence of metals, It Is meant the temper- 
ature at whteh there is a loss of 60% by weight of the compound detennined by themiogravimetrb analysis. 

EXAMPLE 1 

so 

[0031] 195 g of a perfluoropolyether of fonnula (A) wherein R,, R,' are -CF3, -C2F5, CICFg-. CICF2CF2-, p/q equal to 
0.75 and having number average molecular weight of 12,000 are introduced in a 500 ml round bottomed glass flask, 
equipped with stining, dropping funnel, inlet for nitrogen and with a siphon for the gas and liquid outlet placed so that 
the level of the reactants in the flask is maintained constant. 
55 [0032] It is put under stining, and it Is heated with an oil bath until reaching a temperature of 23a'C, 
[0033] 1 72 grams/h of a peroxidic perfluoropolyether of f omiula: 
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T4-0(CF20)„, (CFgCFgO)^, (0)^-75 (Ilia) 

wherein the end groups T4, T5 are CF3- (8%) and CF3CF2- (92%), the number average molecular weight Is equal to 
9,060, with h/{m'+n') 0.16 such that the peroxidic content (PO) detennlned by lodometric analysis is equal to 2.3 g 
active oxygen/1 OOg of perfluoropolyether and the molar ratio n'/(n*+m*) = 0.229 with a content of ether units CFgO- 
equal to 0.204 moles/100 g of perfluoropolyether, are fed Into the reactor for 10 hours, through the dropping funnel, 
contemporaneously fluxing nitrogen. 

[0034] The collected compound in the first 6 hours is eliminated since it contains perfluoropolyether of fomiula (A). 
[0035] in the following 4 hours, 554 grams are collected of substantially non peroxidic compound, which is subse- 
quently heated In a stirred reactor, at 240°C until the complete removal of the small amounts of residual PO. 
[0036] 537 g of compound having the follow'ng structure formula: 

15 T2-0(CF2O)„(CF2CF2O)„(CF2CF2CF20),(CF2CF2CF2CF2O)3-T3 (lla) 

are obtained, wherein the end groups Tg, T3, equal to or different from each other, are CF3- (7% by moles), CF3CF2- 
(86%) , CF3CF2CF2- (3%), CF3CF2CF2CF2- (3%), -CF2COF (1%) ; the number average molecular weight is equal to 
6,950 and the molar ratios of the chain units are respectively: m/n = 2.23; n/(n+nrH-r+s) = 0,285; (r+s)/(m+n+r+s) = 
^ 0.078. 

[0037] The compound is Introduced in a photochemical reactor, equipped with a 1 50W high pressure mercury lamp 
and subjected to fluorination at the temperature of 50*0 with a fluorine flow equal to 5 litres/h. After 11 hours the 
compound is discharged and by the analysts it results to be the compound of fomnula: 
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T-0(CF20)„(CF2CF20)„(CF2CF2CF2O)r(CF2CF2CF2CF2O)^-T^ (la) 

wherein T and T^ , equal to or different from each other, are CF3- (1 0% by moles) , CF3CF2- (85%), CF3CF2CF2- (2,5%) 
and CF3CF2. CF2CF2- (2.5%) having a number average molecular weight equal to 6,930 and with molar ratios of the 
chain units respectively equal to m/n = 2.23; n/(n+m+r+s) = 0,285; (r+s)/(m+n+r+s) = 0.078. 
[0038] The so obtained compound is subjected to molecular distillation under vacuum at 280**C obtaining two frac- 
tions: a distillate of 1 82 g equal to 34% and a residue of 354 g equal to 66%. The residue of f onriula (la) has a number 
average molecular weight of 11,600 and results to have a viscosity of 229 cSt at 20''C, a pour point of -60°C and a 
viscosity index (V.I.) equal to 295. 

[0039] The characteristics of said residue as viscosity at 20°C are of the same order of magnitude of Fomblin Z 25. 
EXAMPLE 2 

[0040] In a 500 ml round bottomed glass flask, equipped with stinring, dropping funnel, Inlet for nitrogen and a siphon 
for the gas and liquid outlet placed so that the level of the reactants in the flask is maintained constant, 160 g of a 
perfluoropolyether of fomnula: 

T2-0(CF20)„(CF2CF20)„(CF2CF2CF20),(CF2CF2CF2CF20)g- T3 (lib) 

are introduced, wherein Tg, T3, equal to or different from each other, are CF3- (8% by moles). CF3CF2- (87%), 
CF3CF2CF2- (2%), CF3CF2CF2CF2- (2.5%), -CFgCOF (0.5%), having a number average molecular weight 7,000, 
wherein the molar ratios of the chain units are respectively: m/n = 2.51 ; n/(n+m+r+s) = 0.261 ; (r+s)/(m+n-f r+s) = 0.075. 
[0041] It is subjected to stimng and heated with oil bath until reaching a tennperature of 230*C. 
[0042] Then 1 98 grams/h of a peioxidk: perfluoropolyether of fomnula: 

T4-0(CF20)„(eF2CF20)„(0)h-T5 (lllb) 

wherein the end groups T4, T5 are CF3- (6% by moles) and CF3CF2-(94%). the number average molecular weight is 
equal to 9,700, with h/(n'+m') = 0,185 such that the peroxldte content (PO) Is equal to 2.7 g active oxygen/1 OOg of 
perfluoropolyether and the molar ratio nV(n'-i-m') = 0.1 98 with a content of ether units -CF2O- equal to 0.1 72 moles/100 
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g of perfluoropolyether, are fed into the reactor for 6 hours, through the dropping funnel under nitrogen flow. 
[0043] In six hours 840 grams are collected of substantially non peroxidic compound which is subsequently heated 
in a stinted reactor, at 240**C until complete removal of the small amounts of residual PO. 
[0044] 81 4 g of compound having the following structure formula: 

T2-0(CF20)„(CF2CF20)„(CF2CF2CF20),(CF2CF2CF2CF20)3-T3 (IIC) 

are obtained, wherein the end groups T2, T3, equal to or different from each other are CF3- (8%), CF3CF2- (87%), 
CF3CF2CF2-(2%) and CF3CF2CF2CF2- (2.5%), -CF2COF (0.5%); the number average molecular weight is equal to 
7,000 and wherein the molar ratios of the chain units are respectively: m/n - 2.51 ; n/(n+iTH-r+s) - 0.261 ; (r+s)/(m+n+r+s) 
= 0.075. 

EXAMPLES 

[0045] With the same modalities of the Example 1, 250 g of fonmula (A) perfluoropolyether of the Example 1 are 
charged in the reactor, it is heated at 230*»C. Successively 115 g/h of the peroxidic perfluoropolyether of the Example 
2 are fed for 14 hours. 

The compound collected in the first 10 hours is eliminated since it contains the fomiula (A) perfluoropolyether. 
[0046] In the following 4 hours, 346 grams of non peroxidic compound are collected, having the following fomiula: 

T2-0(CF20)„(CF2CF20)„(CF2CF2CF20),(CF2CF2CF2CF20)^-T3 (lid) 

wherein the end groups T2, T3, eq ual to or different from each other, are CF3- (6%), CF3CF2- (84%). CF3CF2CF2- (4%). 
CF3CF2CF2CF2- (5%), -CF2COF (1%); the number average molecular weight is equal to 6,350, the molar ratios be- 
tween the chain units are respectively m/n = 2.44; n/(n+nrvi-r+s) = 0.266; (r+s)-/(nrM-n+r+s) = 0.086. 

EXAMPLE 4 

[0047] The compound obtained in the Example 1 having molecular weight equal to 11 ,600 after addition of 2% by 
weight of alumina (AI2O3) Is subjected to themiogravimetric analysis (TGA) . The alumina is usually employed as 
reactant to simulate the perfluoropolyether oil stability in the presence of metals as a function of temperature. 
[0048] The thennogravimetric analysis gives a value of Tj^, i.e. the temperature at which there is a loss of 50% by 
weight of the compound, equal to 295''C. 

EXAMPLE 5 (comparative) 

[0049] The TGA analysis is canied out on a commercial Fomblin® Z 25 having a viscosity of 245 cSt at 20*C and 
fonnula: 



R,0(C2F40)p (CF20)qR/ (A1) 

wherein the end groups R,, R,' , equal to or different from each other, are CFg- (49% by moles), CF3GF2- (6%). CICF2- 
(28%), CICF2CF2- (1 7%); the p/q ratio is equal to 0.64. The content of ether units -CFgO- is equal to 0.672 moles/1 00 
g of polymer. 

[0050] The oil is additioned with 2% of alumina and subjected to TGA analysis, as in the Example 4, ,obtaning a 
value of Jyf= 260"'C. 

[0051] By comparing the results of the TGAs it follows that the perfluoropolyether oil of the Example 1 characterized 
In the Example 4 results to have an increase of thermooxidative stability of 35**C in comparison with formula (A) com- 
mercial perfluoropolyether oils. 

EXAMPLE 6 

[0052] The compound obtained in the Example 1 having molecular weight equal to 11 ,600, after addition of 2% by 
weight of alumina and 1% by weight of stabilizer bis-dipropylamine perfluoropolyether having the following structure: 
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(CH3CH2CH2)2N-CH2CF20(CF2CF20)a(CF20)bCF2CH2N(CH2CH2CH3)2 

and a number average molecular weight of 2,000 and wherein the a/b ratio = 0.67 is subjected to TGA analysis under 
5 the same conditions of the Example 4 obtaining a Ty^ value equal to 324'*C. 

EXAMPLE 7 (comparative) 

[0053] The commercial Fombiin® Z 25 used In the Example 5 (comparative) is charged with 2% of alumina and with 
10 1% of the stabilizer used in the Example 6. 

[0054] The mbcture is subjected to TGA under the same conditions of the Example 4 obtaining a T^ value equal to 
297»C. 

[0055] The perfluoropolyether oil of fomnula (I) of the present invention, additloned with a stabilizer, results to have 
an increase of themiooxldative stability of 27*0 in comparison with the commercial perfluoropolyether oils of formula 
IS (A) additloned with the same stabilizer. 

EXAMPLES 

[0056] 5.07 g of compound obtained in the Example 1 having molecular weight equal to 11,600 are charged with 
20 1 07 mg of alumina (2% by weight on the polymer) and heated at 200*0 for 24 hours. 

[0057] At the end of the themial treatment the perfluoropolyether results to have an average molecular weight equal 
to 1 0,300 (reduction of 1 1 % with respect to the Initial molecular weight) and a weight loss equal to 4.9%. 
[0058] Repeating the test but using Fomblin<9 Z 25 of the Example 5 (comparative) it is noticed the complete deg- 
radation of the commercial perfluoropolyether (loss in weight =^ 98%). 

25 

EXAMPLE 9 

[0059] The compound obtained in the Example 1 having molecular weight equal to 11 ,600 is subjected to thermo- 
gravimetric analysis (TGA) in absence of metals. 
30 [0060] the themriogravimetric analysis carried out in the presence of N2 and air gives a Ty^ value respectively of 
434*>C and 433»C. 

EXAMPLE 10 

35 [0061] The distillate obteined by molecular distillation in the Example 1 (1 82 g) was analyzed by NMR, thus showing 
the following formula: 

T-0 (CF20)„(CF2CF20)„(CF2CF2CF20),(CF2CF2CF2CF20)3.T^ (lb) 

40 

Wherein T and T^, equal to or different from each other, are CF3- (7.5% by moles) , CF3CF2- (86%), CFgCFgCFg- (3%) 
and CF3CF2-CF2CF2- (3.5%), the number average molecular weight is equal to 3,960 and the molar ratios of the chain 
units are respectively equal to nn/n = 2.34; n/(n+m+r+s) = 0.276; (r+s)/(nM-n+r+s) = 0.079. 
[0062] The viscosity at 20^0 of said distillate is 31 .5 est. 
^ [0063] The compound after addition of 2% by weight of alumina (AlgOg) is subjected to themriogravimetric analysis 
(TGA) gh^ing a Ty^ value of 300'C. 

EXAMPLE 11 (comparative) 

50 [0064] With the same modalities of the Example 3, 250 g of formula (A) perfluoropolyether of the Example 1 are 
charged into the reactor which Is heated at 230°C. Successively 115 g/h of a peroxidic perfluoropolyether having the 
following fomnula: 

55 T4.0(CF20)„, (CFgCFaO)^, {0)^-7^ 

wherein the end groups T4, T5 are CF3- (10%) and CF3CF2- (90%), the number average molecular weight is equal to 
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6,500, with h/lm'+n*) = 0.15 such that the peroxidic content (PO) is equal to 2.4 but having a molar ratio nV (n'+m*) = 
0.379 and a content of ether units -CF2O- equal to 0.381 moles/100 g of perfluoropolyether, are fed into the reactor 
through the dropping funnel for 14 hours, contemporaneously fluxing nitrogen. 

[0065] The compound collected in the first 1 0 hours Is eliminated since it contains the perfluoropolyether of fomnula 
9 (A) previously charged In the flask. 

[0066] In the following 4 hours, 320 grams of substantially non peroxidic compound are collected and subsequently 
heated in a stinted reactor, at 240**C until the complete removal of the small amounts of residual PO. 
[0067] 315 g of compound having the following structure fonnuia: 

T2-0(CF20)„(CF2CF20)„(CF2CF2CF20),{CF2CF2CF2CF20)3.T3 

are obtained, wherein the end groups T2, T3. equal to or different from each other, are CF3- (9% by moles), CF3CF2- 
(86%), CF3CF2CF2- (2%), CFgCFgCFgCFg- (2%), -CFgCOF (1%) ; the number average molecular weight is equal to 
'5 3,850 and the molar ratios of the chain units are respectively: m/n = 0.85; n/(n+m+-r+s) = 0.501; (r+s)/(m+ri+r+s) = 
0.067. 

[0068] The compound is then introduced In a photochemical reactor, equipped with a 150W high pressure mercury 
lamp and subjected to fluorination at the temperature of 50°C with a fluorine flow equal to 5 litres/h. After 1 1 hours the 
compound is discharged and by the analysis it results to be the compound of fomnula: 

20 . 

T-O(CF2O)„(CF2CF20)„(CF2CF2CF2O),(CF2CF2CF2CF2O)3-T^ 

wherein T and T^, equal to or different from each other, are Cf^^ (1 0% by moles), CF3CF2- (86%), CF3CF2CF2- (2%) 
25 and CF3CF2CF2-CF2- (2%) , having a number average molecular weight equal to 3,840, a viscosity at 20°C of 30 cSt, 
and molar ratios of the chain units respectively equal to m/n = 0.85; n/(n+nH-r+s) = 0.504; (r+s)/(m4-n4-r4-s) = 0.068. 
[0069] The so obtained compound contains ;the same chain units of compound of fomnula (lb) of the Example 10 
and has comparable molecular weight and viscosity but the molar ratios m/n and n/(n+nrHT4«) are outside the ranges 
of formula (I) compounds of the present Invention. 

30 

EXAMPLE 12 (comparative) 

[0070] The compound of the the Example 11 (comparative) having a number average molecular weight equal to 
3,840 and a viscosity of 30 cSt at 20**C, after addition of 2% by weight of alumina (AI2O3), is subjected to thennogravi- 

3S metric analysis (TGA). A value of Ty^ equal to 268**C is obtained. 

[0071] The comparison of this T^ (268**C) with the Ty^ of the compound of example 10 (300°C) shows that linear 
perfluoropolyethers containing -CF2O-, -CF2CF2O-, -CF2CF2CF2O-, -CF2CF2CF2CF2O- units but having at least one 
of the molar ratios nn/n , n/(n+m+r+s), (r+s)/(m+n+r-Ks) outside the ranges of fonnula (I) compourids of the present 
Invention, have a thermooxidative stability, in the presence of metals, lower than that of the linear perfluoropolyethers 

40 of the present invention having similar viscosity. 



Claims 

45 1. Linear perfluoropolyethers having the following structure formula: 

TO(CF20)„(CF2CF20)„(CF2CF2CF20),(CF2CF2CF2CF20)3- T^ (1) 

^ wherein: 

T and T^, equal to or different from each other are selected from CF3-, CF3CF2-, C3F7-, C4F9-, CICF2-, 
CICF2CF2-; 

n , m, r, s are integers such that the n umber average molecular weight is comprised between 700 and 1 00,000, 
^ preferably between 1 ,500 and 20,000; 

the m/n ratio is comprised between 2 and 20, preferably between 2 and 1 0; 

the (r+s)/(n+nw-r+s) ratio is comprised between 0.05 and 0.2, preferably between 0.07 and 0.2; 
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- the n/ (n+m+r+s) ratio ranges from 0.05 to 0.40, preferably from 0.1 to 0.3; 

wherein the perfluorooxyalkylene units are statistically distributed along the polymeric chain. 

2. Perfluoropolyethers according to claim 1 , wherein the number average molecular weight Is in the range 1 ,500 - 
20,000 (viscosity between 1 0 cSt and 1 ,000 cSt at ao^'C). 

3. Perfluoropolyethers according to claims 1-2 additioned with themial stabilizers of perfluoropolyethere. 

4. Perfluoropolyethers according to claim 3, wherein the thennal stabilizers are selected from perfluoropolyethers 
having functionality of the phosphlnes, phosphates, phosphazenes, benzothiazoles, triazlnes, amines, substituted 
amines type, nitroderivatrve compounds 

5. Perfluoropolyethers according to claims 1-4, wherein T and T^, besides the Indicated meanings, are also - 
(CF2)2C0F wherein z = 0, 1 , 2, 3, and wherein the total moles of the end groups comprise from 0.5% by moles to 
50% by moles of -COF groups. 

6. Perfluoropolyethers EKX^rding to claims 1^. wherein the COF end groups are transfomned into other functional 
groups. 

7. Perfluoropolyethers according to claim 6, wherein the functional end groups are selected from COOH, COOR (with 
R=CH3, C2H5, C3H7) , aminic, alcoholic, aldehydic, salts, nitrilic, amidic functional groups. 

8. A process for the preparation of the fomiula (I) perfluoropolyethers according to claim 1 comprising the following 

steps: 

a) preparation of the compound of daim 5 by addition, under stimng, of the fomiula (III) peroxidic compound: 

VO(CF20)„.(CF2CF20)„,(0)hT5 (III) 

wherein T4, T5. equal to or different from each other, are selected from GF3-, CFgCFg-, -COF, -CFgC-OF, 
XCF2-, XCF2CF2- wherein X = CI, -OR", wherein R", Is a C^-Cg perfluoroalkyi, having a n'/(n'+m') ratio from 
0.05 to 0.25 and a h/(n'-Hn') ratio from 0.1 to 0.3 and a PO (peroxidic content) content, defined as grams of 
active oxygen/1 00 grams of compound, from 1 .8 to 4, preferably from 2 to 3.8, 

to a reaction medium formed by a perfluoropolyether oil, contained in a reactor, maintained at a constant 
temperature in the range 150*'C-250*»C, preferably 230-250*»C, so as to have a PO of the reaction mixture 
between 0 and 0.5, preferably between 0 and 0.2, by continuously extracting the reaction mixture and heating 
• the collected fractions not containing the initial perfluoropolyether oil at temperatures comprised between 220 
and 250"C until complete removal of the residual peroxidic groups, obtaining the claim 5 compound; 

b) fluorination of the compound obtained in a) with the obtainment of the fonnula (I) compound. 

9. A process according to claim 8. wherein the step a) Is carried out by using as reaction medium, instead of a 
perfluoropolyether oil, the perfluoropolyether of claim 5. 

10. A process according to claims 8-9, wherein in step a) the compound (III) is added to the preheated reaction medium, 
with a flow-rate comprised between 0.1 and 1 .3 kg/h per Kg of reaction medium. 

11. A process according to claims 8-1 0, wherein after step b) the compound (I) Is subjected to molecular distillation 
to separate fractions having a different molecular weight. 

12. A process according to claims 8-11, wherein the perfluro-polyether oil to be used in the preparation of the com- 
pounds of fonnula (I) and of claim 5 is a perfluoropolyether of fonnula (A) 



RfO(C2F40)p(CF20)qR,' 



(A) 



EP1454938A1 

with R, and Rj' equal to or different from each other selected from CF3-, C2F5-, CICF2-, CICF2CF2-; p and q are 
variable indexes, whose sum gives the number average molecular weight and whose p/q ratio ranges from 0. 1 to 1 0. 

13. Use of the perfluoropolyethers of daims 1-4 as lubricants. 

14. Use of the perfluoropolyethers of claims 5-7 to confer hydro- and oil-repellence to surfaces. 



I 
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